Nut midline carcinomas are uncommon carcinomas characterized by chromosomal rearrangements that involve the gene encoding the nuclear protein of the testis (NUT). This article reviews the clinicopathologic features of these malignancies. Ancillary testing is discussed as well as the pathologic differential diagnosis.
Introduction
NUT midline carcinomas (NMCs) are malignant epithelial tumors that have chromosomal rearrangements of the gene encoding nuclear protein of the testis (NUT) at 15q14. The malignancies range from entirely undifferentiated carcinomas to carcinomas with prominent squamous differentiation. As of now, these carcinomas are defined by having the disrupted NUT gene and have significant histologic and clinical overlap with other carcinomas found at the sites they occur. The translocations appear to be unique, however, are associated with a relatively consistent phenotype, and are functional.
In 1991, two cases of carcinoma were described involving the thorax that were shown to have t(15;19). 1, 2 Both involved the mediastinum and were considered thymic in origin. To date, at least 28 cases have been reported (Table 1) . Of the 14 tumors believed to originate in the head and neck, 6 involved primarily the nasal cavity and / or sinuses, 2 involved the nasopharynx, 2 involved the orbit, 2 involved the major salivary glands, 1 involved the supraglottic larynx and 1 involved the epiglottis. Fourteen of the 28 NMCs so far reported have developed in girls or women. The tumors have been noted to occur over a vast age range (Newborn-78 yrs) and about half of the cases have been reported in patients over the age of 20 years.
Originally, the tumors had been believed to primarily affect children and young adults, perhaps reflecting the increased likelihood that tumors from these patients are analyzed for karyotype. In a recent series of primarily undifferentiated carcinomas from the upper aerodigestive tract, 4 of the 5 patients found to have translocations by fluorescent in situ hybridization were older than any previously reported patients, including a 78-year-old woman with an undifferentiated carcinoma of the larynx. 12 This is particularly interesting given the fact that many of the cases tested came from younger patients (age range 15-88 years). Another tumor has recently been described involving the nasal cavity of a 54-year-old woman.
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Patients with NMCs frequently present with mass-related symptoms, generally due to the assumed primary tumor, although many present with apparent metastases at the time of their diagnosis. 2, 4, 10, 11, 13, 14, 18 Non-specific symptoms such as fever and weight loss have also been noted.
Pathologic Findings
As most tumors have presented at advanced stage (lymph node metastases, bone metastases, pleural carcinomatosis), tumors have only infrequently been resected. 5, 6, 14, 18 As a result, gross descriptions are lacking. Of the 3 gross specimens seen at the University of Virginia, two were sinonasal and received piecemeal and showed grossly obvious hemorrhage and necrosis. One lesion was present in a laryngectomy specimen and was described as a 3 cm variegated, somewhat circumscribed mass. Nodal metastases were characterized by enlarged nodes with necrotic, non-specific changes.
Histologically, tumors are usually composed of sheets of undifferentiated cells (Image 1). 5, 6, 14, 22 Occasional cases may have more nested malignant cells within a desmoplastic stroma (Image 2).
Large . 12 The well-differentiated areas may even become cystic. A single case of the parotid gland has been described that additionally showed chondroid differentiation similar to a carcinosarcoma. 16 The cytologic features of NUT-translocation associated carcinoma have only recently been described. 23 The three cases in this report demonstrated highly cellular aspirate specimens with cohesive and discohesive epithelial cells akin to nasopharyngeal Epstein Barr virus (EBV)-associated squamous cell carcinoma (Image 4). Scant, delicate cytoplasm was present in two cases, while the third case had denser cytoplasm. Cells had irregular nuclear contours, discrete nucleoli, and fine to vesicular chromatin. Abundant mitotic figures, naked nuclei, karyorrhectic debris, and nuclear crush artifact were noted. Overt squamous differentiation was not identified in these cases.
Tumor cells typically appear polyhedral. 1, 14 Intermediate junctions and desmosomes are seen, consistent with epithelial differentiation. Some cells have been noted to contain branching tonofilament bundles within the cytoplasm consistent with squamous differentiation. Evidence of glandular differentiation has not been noted.
NUT midline carcinomas are epithelial and react with antibodies to keratins (although staining may be focal). 5, 6, 22 In our series, NMCs were mostly immunoreactive with antibodies to p63, consistent with squamous differentiation. The majority of tumors have been reported to be immunoreactive with antibodies to cytokeratin (CK)7 and focal immunoreactivity with antibody to CK20 has sometimes been noted. 6 CD34 immunoreactivity was seen in a little more than half the cases studied in one review, a unique finding for an epithelial malignancy. 6 Immunoreactivty with other antigens expressed in small blue cells tumors of childhood has not been noted, and tumors have reportedly been non-reactive with antibodies to desmin, myoglobin, smooth muscle actin, muscle actin, chromogranin, synaptophysin, leukocyte common antigen, placental alkaline phosphatase, S100 protein, alpha-fetoprotein, neuron specific enolase, CD57, CD99, and HMB45. Evidence of EBV and human papillomavirus (HPV) infection has not been identified. 5 Both polyclonal and monoclonal antibodies to the NUT protein have been developed. 12, 24 We reported the results for the polyclonal antibody in our series of undifferentiated carcinomas of the upper aerodigestive tract. Using 50% nuclear staining as a cutoff, the antibody showed 80% sensitivity and 96% specificity when compared to FISH as the gold standard. A newer monoclonal antibody has improved function with a sensitivity of 87% and specificity of 100%. 24 The most common translocation involving the NUT gene is the t(15;19) (q13;p13.1). 5 This translocation fuses the NUT gene on chromosome 15 to the BRD4 gene. In about one-third of cases, however, the NUT gene is fused to a different partner gene (NUT-variant midline carcinoma). Rarely, the NUT gene is fused to the BRD3 gene at 9q34.2. 9 The BRD proteins are known to bind transcriptionally active chromatin. 5 The function of the NUT protein is not known, although it is only constitutively expressed in early germ cells and within the brain (ciliary ganglion). 5 It is believed that the fusion protein can be localized to the nucleus secondary to the expressed portions of the BRD4 and BRD3 proteins that are retained. Some recent data suggest that the fusion proteins block epithelial and squamous differentiation. Indeed, si-RNAinduced withdrawal of the fusion proteins leads to squamous differentiation and cell cycle arrest. 9 Because of the rarity of these tumors, FISH may currently be the diagnostic test needed for the establishment of a diagnosis. Probes have been developed for the regions flanking the typical break point of the NUT gene on chromosome 15 and for the typical breakpoints with BRD4 and BRD3, however, they are not commercially available. Primers are also developed for both known fusion proteins, although RT-PCR would be necessarily less sensitive than FISH.
Differential Diagnosis
The differential diagnosis for NMCs of the upper aerodigestive tract includes other undifferentiated malignancies including undifferentiated carcinomas and poorly differentiated squamous cell carcinomas. It includes pediatric small blue cell tumors (e.g., primitive neuroectodermal tumor, rhabdomyosarcoma, desmoplastic small round cell tumor, etc), melanoma, olfactory neuroblastoma, high-grade hematologic malignancies, endocrine carcinomas and other undifferentiated or poorly differentiated carcinomas including sinonasal undifferentiated carcinomas and EBV-driven non-keratinizing squamous cell carcinomas which occur most frequently in the nasopharynx.
Identification of clear-cut epithelial differentiation rules out many of the tumors in the differential diagnosis, although one should remember that some mesenchymal tumors can rarely show immunoreactivity with antibodies to epithelial antigens, e.g., olfactory neuroblastomas and primitive neuroectodermal tumor. 25, 26 For tumors without obvious differentiation seen histologically, immunohistcochemistry can be used. Epithelial differentiation can almost always be demonstrated for NMCs with a pankeratin immunococktail. Obviously, negative results for other antigens such as S100 protein, CD45, muscle antigens, neuroendocrine antigens, germ cell antigens, are also helpful. p63 immunoreactivity is also helpful as it points toward squamous differentiation. It should be remembered, however, that p63 is also expressed by salivary gland tumors that have myoepithelial differentiation such as myoepithelial carcinomas and adenoid cystic carcinomas and that these tumors can appear undifferentiated, especially in small biopsy specimens. 27, 28 Using antibodies to other myoepithelial antigens, such as smooth muscle actin, may be helpful to exclude some salivary gland-type carcinomas. Reactivity with antibody to p63 may make some diagnoses, such as SNUC or pituitary adenoma less likely. 29 NMCs have not been shown to be associated with carcinoma-related viruses such as EBV and HPV. 5 In situ hybridization for these viruses can be used and the identification of the viruses virtually excludes the diagnosis of NMC. Surrogate markers such as p16 immunohistochemistry for the diagnosis of HPV-related malignancy have not been studied.
The definitive diagnosis of an NMC and the distinction of such a tumor based solely on histology and immunohistochemistry (excluding antibody to the NUT protein) is not considered possible (see above). It is unclear whether definitive distinction will be possible using the monoclonal antibody to the NUT protein alone although the early results, reported above, appear good. It is also unclear whether such a distinction is necessary in general practice, other than for prognostic purposes.
Treatment and Prognosis
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There is no established treatment for NMCs. Most patients have received combination multidrug chemotherapy and radiation. Only occasional cases have undergone subsequent resection.
Of the patients with adequate follow-up in one series, all but one (15/16) have died of disease with an average survival time of nine to ten months. 5 It is interesting to note that the single patient with an NMC in that review who had survived for an extended period of time had had a tumor of the iliac bone that had originally been diagnosed as Ewing Sarcoma and had been treated as such. 11 A patient with an NMC of the mediastinum has since been reported alive and without disease at 34 months after his diagnosis. 
